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NEFA and therefore iitibitable by hirudin Miich forms an inactive complex
with thrembin.In fact the stimulating effect of AC711 upon NEFA is brought
about specifically by another route than tiu -calbinogenesis and thus occurs
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EFFECTS OF HIRUDIN CN HO.RMONE-INDUCED ACrNATIM OF NONENZYMATIC
FIBRINOLYSIS DURING IM OBILIZATIM STRESS
F. B. Shapiro, I. P. Baskova, L. U. Cherkesova, L. A. Lyapina and M. D. Gol'dovskaya
Cht?tr of Animal Physiology (Chief: B. A. Kudryashov), Moscow State University
In recent years in a number of works dome under the direction of B. A. Kudr- /1567*
yashov it has been sham, that there is hormonal conditioning for the activation of
the function of the anticoagulation system under conditions of stress. Evidence of
this is the fact, that an increase in the nonenzymatic fibrinolytic activity (NEFA)
of the chief index that characterizes stimulation of the anticoagulation system [4]
during stress is regulated by the hormonal status of the organism, a condition which
has changed under these circumstances and is determined by the emission of adrenalin,
adren000rticotropic hormone and glucocorticoids [7, 81. If the mechanism of the ef-
fect of adrenalin on NEFA may be considered as established (adrenalin stimulates
thranbinogenesis and by the very fact excites; the anticoagtil.aticn systern aroompanied
by an intensification of NEF), the mechanism of the effect of the ACTH is still un-
clear, although there are sane data to indicate that it stimulates the emission of
heparin into the blood [9].
In the present work we have set ourselves the task of studying the difference
between the mechanists of the effect of the ACI'i-I and adrenalin under conditions which
block the formation of thrombin in the organism. For this purpose we used a purified
preparation of hirudin, a specific inhibitor of thrombin, which has the capability /1568
of almost instantly combining with thrombin to form an inactive complex. In this
context one should undoubtedly find especially interesting the data on the effect of
ACM against a background of hirudin introduced into the organism, to the extent
that they would provide new material for characterizing its stimulating activity
on nonspecific fibrinolytic activity in a stress situation. In fact, one might fore-
see the effect of the simultaneous: administraticii of adrenalin and hirudin to a oex-
tain degree.
Numbers in the margin indicate pagination in the foreign text.
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The work was done an nongrel male rats weighing 200-250 g. The stress situation
was created by 30 mim*An of immobilization (they were fastened to a table). Blood
=Wling was done from the Jugular vein with sodium nitrate in the ratio of 9:1. We
used an ACM-activa p aratian obtained from the hypqftsas of swine (activity 60
units/mg),, and hirudin ,  purified Preparation, obtained from the heads of medicInal
lesches, usirq a method we had developed 11). The activity of the preparation. used
JA the eq=J=nt was 1500 antithramI I unita/mg. The ACM was	 to the
rats IntraperitotwmMy at a dosage of 5 units/200 g. The hirudin was administered
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TABLE III. FIBRINOLYTIC ACTIVITY OF BLOOD WITH ADMINISTRATION OF HIRUDIN
DF,7ERf4IrED BY THE BIDWELL METHOD
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TABLE IV. FIBRINOLYTIC ACTIVITY OF BLOM WITH HIRUDIN INCUBATION (MM - )
Experimental omditions
Incubation 1 ml whole blood with 0.3 ml saline
solution
Incubation 1 ml whole blood with 0.3 ml
hirriin (activity 37 units)
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TABLE V. AVERAGE AND NONLNZYMATIC FIBRINOLYTIC ACTIVITY OF BLOOD PIASMA
10 K N = AFTER ACKINISTRATION OF HIRUDIN-MUUMIN COMPLEX M-)
intravenously at a dosage of 55 units/200 g. Adrenalin was administered IV at a
dosage of 5 micrograms/200 g. Total volume of the administered substances was
1 ml; in all cases a correspondingly equal amount of saline solution was admini-
stered IP or IV to the control. Enzymatic fibrinolytic activity was determined us-
ing Bidwell's method [12]. For differential determination of average fi.brinolytic
activity and NEFA we used platelets of nonstabilized fibrin a.:cording to the method
of B. A. Kudryashov, L. A. Lyapina and I. P. Baskova [6]. As plasmin inhibitors we
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ing Bidwell 's method 1121. Plor differential detelonnin-&. of average fibrinolytic
activity and NEFA we used platelets of nonstabilized fibrin according to the method
of B. A. Kudryashav, L. A. Lyapina and I. P. Baskova, [6]. As plamnin inhibitors we
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TABLE VI. AVERAGE AND NONENZYMATIC FIBRINOLYTIC ACTIVITY OF BLOOD PLAS14A WITH
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used sigma-aminocaproic acid (put out by "Chenafol") in the form of a 6% solution
and a trypsin inhibitor from say beans SBTI (put out by "Reanal") with an activity
of 10,000 antitryptin units/mg. The SBTI was dissolved in a saline solution in the
amount of 4 mg in 1 ml.
Results and Evaluation 	
Y 
Testing the Possibility for the Use of SBTI to Inhibit Plasmin Activity When
Determining Nonenzymatic Fibrinolytic Activity of Blood Plasma
As we ]mow, when NEFA is determined by the fibrin platelet method [6), the
plasmin inhibitor used is a 6% sigma-aminocaproic acid. The extensive use of this
method has shown, that the accuracy of the results obtained depends to a great degree
upon the quality of the preparations of sigma-amunocaproic acid, which are often
4
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fairly unstable. Therefore it was undoubtedly important to test the possibility of
using another plamTin inhibitor, SBTI, instead of sigma-aninocaproic acid. For this
reason we conducted a special experiment which produced the previously described [5,
7, 81 effect of an increase in NEF during immrobilization stress, where both sigma-
aminocaproic acid and SBTI were used as inhibitors of plasmin activity. The results
show (Table I), that SBTI in concentrations of 4 mg/l ml of saline solution blocks
EFA to the same extent as a 6% solution of sigma-aminocapnmic acid. This made it
possible for us in all further work to use SBTI for determining NEFA.
The data shown in Table I indicate, that under the conditions of our experiment
the animals subjected to 3U minutes of immobilization present a reliable increase in
the average fibrinolytic activity of blood plasma, but in this situation there is a
regularly greater increase in NEFA. Thus, if average fibrinolytic activity in these
animals increases 1.4 times, NEFA increases more than 2 times, so that the proportion
of NEF in average fibrinolytic activity during stress increases 1.5 times.
Fibrinolytic Activity When Hirudin Is Administered during Stress
	
/1569
Inasmuch as we used hirudin in solving our problem, it must first of all
be made clear, whether it in itself produces any changes in the fibrinolytic activity
of the blood. For this purpose animals subjected to immobilization received hiru-
din the instant they were inTwbilized (30 minutes before blood sampling), as well as
at the end of immobilization (5 minutes before blood sampling).
As the results of the experiment show (Table II), the administration of hirudin
induces a change in fibrinolytic activity and the effect is the same whether it is
given at the beginning or at the end of the stress period. When hirudin is admini-
stered there is a 1.5 fold increase in the average fibrinolytic activity as riaTpared
with the average fibrinolytic activity of the controls that received only the saline
solution. In respect to NEFA there is no difference from the controls, if we con-
sider absolute quantity. The amount of NEFA in the average fibrinolytic activity fol-
lowing administration of hirudin, of course, drops significantly and is practically
the same as the proportion of NEFA in the average fibrinolytic activity for rats not
subjected to the stress factor.
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An increase in fibrinolytic activity when hirudin was administered was also
noted when the Bidwell method of determination was used. As may be seen from the
data in Table III, fibrinolytic activity in animals given hirudin was 1.9 times
greater than in the controls (0.05 > p ;;-0.01). 	 /1570
An increase in average fibrinolytic activity takes place only when hirudin is
administered in vivo. The incubation of whole blood with hirudin in vitro has
shown, that in such a case there is no increase in the average fibrinolytic activ-
ity. As is seen from the data in Table IV, the average fibrinolytic activity and
NEFA of blood samples incubated with hirudin and with saline solution is practically
the same; in the two cases there is no difference in the proportion of NEFA in the
average fibrinolytic activity.
We know, that hirudin combines with thrombin to form in the organism a nondis-
sociating equimolar complex devoid of coagulating and esterase activity [13]. It
might be supposed, that the effect we obtained, where active fibrinolytic activity
rose with the administration of hirudin to animals in a stress situation, was condi-
tioned by the action of this complex formed through an interaction of hirudin with
endogenous thrombin.
If the hirudin-thrombin om plex possessed the capability of increasing average
fibrinolytic activity, possibly its effect would have also appeared when the previous-
ly formed complex was administered to the organism. We tested this hypothesis by
administering to the animals a canplex formed by neutralizing of 55 units of throm-
bin and 55 units of hirudin (the hirudin dosage used in all the experiments). One
group of controls received a saline solution, the other 55 units of native thrombin.
As may be seen from the data in Table V, when the hirudin-thrombin complex was admi-
nistered the proportion of NEFA in the average fibrinolytic activity remained the
same as when the control received the saline solution. However, IV administration
of thrombin is accompanied by a significant increase in this proportion and this is
a feature, as we know, characterizing the activity of the anticoa gulation system [4].
Thus, these data are evidence, that the hirudin-thrrxnbin complex did riot in- /1571
duce an increase in NEFA characteristic of excitation of the anticoagulation system.
It is probable that when the complex was administered, the observed matching increase
in average fibrinolttic activity and NEFA could be explained by a nonspecific lytic
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action on the part of the complex affecting nonstabilized fibrin platelets. This is
indicated by the following fact: The hirudin-thranbin oomplex is incapable of coagu-
lation activity in reference to a fibrinogen and completely devoid of benzoylarginin-
methyletheresterase acitivity. At the same time, when the oomplex affects a fibrin
platelet, we note a rather significant lysis zone, following 2 hours of incubation at
37° of 54 mn . However, when the platelets are affected by the oomponents making up
the complex, there is no lysis.
Fibrinolytic Activity When Adrenalin and Hirudin are Given during Stress
As has already been sham, the mechanism of the action of adrenalin on the
activation of the function of the anticoagulation system may be considered as estab-
lished. Adremalin affects various aspects of the blood coagulation process by sti-
mulating threrobinogenesis and accelerating coagulation [3, 14]. By the same token
it induces a reflex excitation of the anticoagulation system and consequently an in-
crease in NEFA [8]. With this as our starting point we would expect that, inasmuch
as hirudin blocks the formation of thrcmkin, the simultaneous administration of ad-
renalin and hirudin would not induce an increase in NEFA. To test this we gave ani-
mals subjected to immobilization both hirudin anc: adrenalin; one control group re-
ceived adrenalin and the other a saline solution. As we see from the data in Table
VI, the administration of adrenalin produced an increase in the absolute quantity of
NEFA by 3.6 times, and its proportion in the average fibinolytic activity by 1.3
times in comparison with the controls that had received a saline solution. In re- /1572
spect to the administration of adrenalin against a background of hirudin, we see
that, at the dosages we used, the effect of adrenalin was considerably attenuated
by the hirudin although riot completely eliminated.
This is borne out by the following facts: in animals that had received adrena-
lin and hirudin the level both of average fibrino]ytic activity and NEFA was from
1.8-2 tires higher than in the controls that had received a saline solution. Howev-
er the NEFA in this case was reliably lower (p < 0.001) than for administration of
adrenalin alone and, a very important fact, there was the absence of something char-
acteristic of stimulation of the anticoagulation system, i. e. an increase in NEFA,
and its proportion in the average fibinolytic activity did not differ from that in
the controls that had received a saline solution.
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Fibrinolytic Activity with ACTH and Hirudin in a Stress Situation
We knot, that in the case of immobilized animals, that receive ACTH and by
the very fact experience intensified stress, the absolute quantity of NEFA and its
proportion in the average fibrinolytic activity increases to an extent significantly
greater than in animals subjected to i.mcbilization alone [7, 81. If the ACTH sti-
mulates the anticoagulatian system through the activation of thrcobinogenesis, one
would expect, that against a background of hirudin, which blocks thrombin, the action
of the ACTH would not appear and the NEFA in the animals that had received the ACTH
and hirudin would be the same as in the controls that had riot received the ACTH. To
test this we administered an ACTH and hirudin simultaneously to animals subjected to
immobilization, while the controls received separately ACTH and saline solution.
The results are presented in Table VII.
As we may see from these data, the immobilized animals that had been given ACTH
and hirudin presented average fibrinolytic activity and DOM (both the absolute a-
mount and the proportion in the average fibrinolytic activity) which increased in
practically the same measure as did that of the controls that had received only the
ACTH. In comparison with the immobilized animals that had received the saline solu-
tion, the anknals which had received ACTH (with or without hirudin) presented an 	 /1573
absolute quantity for NEFA that increased by 2-2.8 times and its proportion in the
average fibrinolytic activity increased by 1.4-1.5 times.
Putting together the entire presentation, we may draw the following conclusion:
the use of the hirudin preparation, a specific thrombin inhibitor, indicates that,
when it is simultaneously administered with ACTH to animals subjected to immobiliza-
tion stress, there is observed the same increase in N 7A that takes place when only
the ACTH is administered, i. e. the hirudin does not remove and does not diminish
the stimulating activity of the ACTH as it affects NEFA. This is evidence of the
fact, that the ACTH has an effect on NEFA in particular not through thrombinogenesis
and this is in accord with the previously described fact of heparin emission into
the blood due to the action of the ACTH [9]. Undoubtedly one must not suppose, that
the mechanism of the activity of the ACTH in respect to the activity of the antico-
agulation system is thus fully explained, since this problem requires further re-
search, particularly in connection with the inconsistency of the literature data on
the effect of the ACTH on the process of blood coagulation (2, 10, 11].
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In respect to the effect of adrenalin the results of our experiments completely
agree with the opinion of most researchers about the fact, that it stimulates thram-
binogenesis (3, 141 and by the very fact excites the anticoagulatiun system. In admi-
niscering hirudin and adrenalin together, despite our somewhat fortuitous selection
of dosages, we obtained a reliable reduction in the amount of NEFA as compared with
NEFA associated with the administration of adrenalin alone, even though the effect of
the stimulating action of adrenalin was not completely eliminated. It might be sug-
gested, that some other pattern of dosages of adrenalin and hirudin would result in
complete blockage of the stimulating effect of erogenous adrenalin. However a dif-
ferent thought naturally suggests itself: inasmuch as the administration of the hi-
rudin-thranbin complex, as we have seen, induces a rise in the level of average fi-
brinolytic activity and NEFA (Table V), possibly in an experiment with the simultan-
eous administration of adrenalin and hirudin the results would be precisely the ef-
fect of the endogenous hirudin-thrombin complex that had been formed.
In respect to the effect of hirudin itself, we have established that, when it
is administered to animals subjected to immobilization stress, it induces an increase
in enzymatic fibrinolytic activity, wl.ile the absolute figure for NEFA remains the
same as in the animals that received a saline solution. The proportion of NEFA in
the average fibrinolytic activity, of course, is reduced and reaches a level char-
acteristic of animals not subjected to stress. Variations in the results obtained
with IV administration of hirudin and the hirudin-thrombin complex may be the result
of a quantitative difference. It is obvious, that the amount of endogenous thrombin
formed under the conditions of our experiment was inadequate for the amount of hiru-
din in our doses and therefore the amount of hirudin-thrombin complex formed in the
organism was immeasurably less than the amount of the complex which we introduced
exogenously. Therefore one may conclude, that in the experiment with the administra-
tion of hirudin we produced the effect of the excess .-.rudin that remained free.
At the present time it is difficult to say, what explanation should be given
for the capability of hirudin to induce an increase of enzymatic fibrinolytic acti-
vity. One may simply suggest, that hirudin activates some proteolytic enzymatic
systems that have a lytic effect. In the end the fact that the administration of hi-
rudin did not induce changes in NEFA may, in particular, be interpreted in the 	 /1574
following way: an increase in NEFA due to the effect of an ACTH in stressed ani-
mals, which, as has been shown, is not reduced by hirudin, compensated for a reduc-
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tion in NEFA FMULTING FFCM hirudin rewval of the stimulating effect of adrenalin on
NEFA.
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